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Learners face a variety of concepts during the instructional process 
they experience. These concepts are mostly introduced by teachers; 
thus, the competences of teachers in terms of teaching concepts are 
vitally important. The aim of this study is to detect the 
understanding levels of teacher candidates about basic astronomy 
concepts. The method of the study was a survey method. The 
sample of the study was composed of 293 teacher candidates from 
early childhood teacher education, primary school teacher 
education, elementary science education and physics education 
departments. The data were collected by the achievement test, 
which included three questions intended to help describe, draw and 
explain the movement. The data were analysed by using the two 
different understanding levels in the literature. The data obtained 
showed that the teacher candidates could not submit proper 
explanations for the concepts: the Earth, the Sun, the Moon, 
planets, stars and satellites. This situation can be interpreted as an 
indicator that teacher candidates did not have enough information 
about the basic astronomy concepts. When the departments were 
compared with respect to the understanding levels, it can be said 
that teacher candidates from elementary science teacher education 
and physics teacher education departments were at a better level of 
understanding than their counterparts in early childhood teacher 
education and elementary teacher education departments. We must 
ensure that candidates are aware of their deficiencies and for these 
deficiencies to be eliminated we present various opportunities 
about astronomy activities like finding the Sun and a star using 
Stellarium program for the candidates to help develop themselves. 
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Introduction 

Astronomy is one of the disciplines of science which humans have taken an interest in 
since the first ages and have conducted various studies on. It has begun to gain a place in 
instructional research, since it took its place in education programs. We encounter astronomy 
topics in almost every level of the instructional process in Turkey, so teaching astronomy has 
an importance, both in primary and secondary education, and in the institutions which train 
teachers (Ki^iikozer, Bostan & Isildak, 2010). Percy (1998) mentioned the importance of 
teaching astronomy topics and stated that there were really important astronomy practises in 
our daily life. The author said the study of astronomy was beneficial because it included, not 
only experimental methods, but also a dimension related to observation. Moreover, it was 
asserted that astronomy is a science which teaches the individuals to think effectively, both 
correctly and logically (Tunca, 2005). 

When the studies related to astronomy in the literature were analysed, these studies could be 
grouped into four headings to determine the perceptions of the participants representing 
different groups (students, teacher candidates, and teachers) about: (1) finding alternative 
concepts about basic astronomy topics and concepts (Klein, 1982; Atwood & Atwood, 1996, 
1997; Kikas, 2005; Kalkan & Kiroglu, 2007; Cin, 2007; Emrahoglu & Ozturk, 2009; Frede, 
2006; Kallery, 2011; Wallace, Prather & Duncan, 2011, 2012; Kurnaz, 2012; Durukan & 
Saglam- Arslan, 2013; Ta§can, 2013); (2) applying conceptual change processes about basic 
astronomy topics and concepts (Callison & Wright, 1993; Ercan, Tasdere & Ercan, 2010; 
Trundle, Atwood & Christopher, 2002, 2006, 2007; Trumper, 2006a; Ku 9 ukozer, Bostan & 
I$ildak 2010; $ahin, Bulbul & Durukan, 2013); (3) determining mental models basic 
astronomy topics and concepts (Vosniadou & Brewer, 1992; Liu, 2003; Panagiotaki, Nobes & 
Potton, 2008; Straatemeier, Van der Mass & Jansen, 2008; lyibil & Saglam-Arslan, 2010) and 
(4) applying learning progression basic astronomy topics and concepts (Plummer, 2014). The 
researches, which was aimed at understanding the perceptions of the participants related to 
astronomy concepts, revealed that the participants usually did not acquire knowledge at an 
adequate level (Barba & Rubba, 1992; Summers & Mant, 1995; Atwood & Atwood, 1996, 
1997; Suzuki, 2003; Frede, 2006; Kalkan & Kiroglu, 2007; Emrahoglu & Ozturk, 2009); 
however, there were a small number of studies which aimed at correcting the lack of 
knowledge and misconceptions (Ku 9 ukozer et al., 2010; Trumper, 2006a; Ercan et al., 2010). 

The Importance and Purpose of the Study 

Students encounter many concepts and subjects in different levels from primary 
education to higher education throughout the formal education process, which lasts 12 years 
on average in Turkey, and they acquire knowledge related to these concepts and subjects. In 
this process, teachers play a vital role in bringing the subjects into the classroom environment 
and helping the students to reach the desired learning outcomes. The ability of the teachers to 
perform their duties is closely related to their professional qualities and qualifications (Erden, 
2005). These qualities are comprised of: general knowledge, content knowledge and 
professional knowledge and skills (Erden, 2005). Therefore, the teachers’ content knowledge 
is very important because teachers are in a position to affect the educational life of their 
students (Karal, 2003). In other words, when the teacher’s content knowledge is inadequate, 
this situation is reflected in their students. As the studies of Karal (2003) has emphasised, 
academic achievement and student performance depend on the teacher. 

Many studies carried out in the field of astronomy education and teaching have investigated 
the knowledge of teacher candidates about astronomy concepts, and/or their understanding 
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levels of these concepts (Barba & Rubba, 1992; Summers & Mant, 1995; Atwood & Atwood, 
1996, 1997; Suzuki, 2003; Frede, 2006; Kalkan & Kiroglu, 2007; Emrahoglu & Oztiirk, 
2009), and the effectiveness of the instructional process prepared to correct the lack of 
knowledge inherent in the teacher candidates (for example; Callison & Wright, 1993; 
Trumper, 2001, 2006a, 2006b; Trundle et al., 2002, 2006, 2007; Kiiciikozer, 2007; 
Mullholland & Ginns, 2008; Ercan et al., 20 10). These studies generally focused on the same 
astronomy concepts such as the Earth, Sun and Moon, etc. But there are different concepts 
for which there are almost no studies like planet, star and satellite. At the same time, the 
understanding levels of teacher candidates in different fields regarding basic astronomy 
concepts were not determined; it was revealed that a study is required to be carried out in this 
context. Moreover, the examination of the knowledge the teacher candidates have acquired 
will be a reflection of the formal education they have had throughout their educational life 
and it will also help to determine the deficiencies in this field. As this situation is one of 
results of the effect of our education system on the individual, it shows the importance of the 
research from a different viewpoint. 

The aim of the study is to determine the understanding levels of the teacher candidates who 
are studying in different teacher education departments (Physics, Elementary Science, 
Primary School and Early Childhood Teacher Education) about astronomy concepts and to 
seek answers for the following research questions: 

• What are the understanding levels of basic astronomy concepts by the teacher 
candidates in different departments? 

• How a relation is there between the understanding levels of the teacher candidates on 
the basic astronomy concepts? 


Method 

The study was carried out by survey research, one of the descriptive research methods, 
which aims at describing the phenomena to be analysed in the best way and to determine the 
current situation (£epni, 2007). Because the phenomena to be analysed is described as it is 
and the study environment is not interfered with during the process (Cohen & Manion, 1994; 
Karasar, 2009), this method was thought to be suitable for the environment of the study in the 
survey method. 


Sampling 

The sample of the study was comprised of 293 teacher candidates studying in their 
final year in an Education Faculty in the departments of early childhood teacher education (74 
participants), primary school teacher education (70 participants), elementary science teacher 
education (87 participants), and physics teacher education (62 participants) in the Eastern 
Black Sea region of Turkey. 


The knowledge and skills which the teacher candidates gained throughout their education life 
about the field of astronomy can be listed as follows: within the framework of a life-science 
course under the theme of ‘Yesterday, Today, Future’, the students learned the concepts of the 
Earth and the Sun in the 1st grade, the same concepts, their motions and what can see when 
look up the sky in the 2nd grade, the Moon and its phases, the Earth and its motion and the 
concepts of the Sun in the 3rd grade (MEB, 2009). Within the framework of a Science and 
Technology course under the field of the ‘Earth and the Universe’, the students learned the 
subjects related to the shape of the Earth and its structural properties in the 4th grade, the size 
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of the Earth, the Sun and the Moon and their motions, and they were able to distinguish these 
concepts from each other in the 5th grade (MEB, 2009). Within the framework of the Science 
and Technology course, the materials which form the lithosphere, the place and the 
importance of these materials in our life were studied. In the 7th grade, the students were 
introduced to the basic concepts, such as galaxy, planet, star, comet, and constellation. They 
were also introduced to the Solar System and optical instruments used for space exploration. 
In the 8th grade, the formation of the Earth, plate tectonics, and the climate phenomena in the 
atmosphere were mentioned and the importance of these events in our daily life was 
addressed (MEB, 2009). The teacher candidates are expected to comprehend the basic 
astronomy concepts, which are presented in a spiral structure in teaching curricula, with life- 
science and science and technology courses in elementary education (Turkoglu, Omek, 
Gokdere, Stile ymanoglu & Orbay, 2009). 

Data Collection Tool 

An achievement test was developed by the researchers and was used as a data 
collection tool within the study. While the achievement test was being developed, firstly the 
teaching programs were examined and then the basic astronomy concepts, which the 
participants were supposed to know, were determined. The following questions were 
composed by taking into consideration the concepts which were identified and their features. 

(1) Could you explain the concepts given below respectively? You can support your 
explanations by giving examples. 

(2) Earth, Sun, Moon, Planet, Star, Satellite 

(3) Could you draw shapes of these celestial bodies? 

(4) Do these celestial bodies move? If so, how do you explain the movement of these 
celestial bodies? 

In the first question of the achievement test was asked the participants to identify these 
concepts. In the second question was asked the teacher candidates do draw the shapes 
belonging to these concepts. In the third question was asked views the participants about the 
celestial bodies’ movements. In the fourth question, the relationship between the celestial 
body pairs was determined by the researcher and reasons for the explanation were asked for. 

The Validity of the Study 

In order to determine the validity of the achievement test, it was piloted with 21 the 
mathematics teacher candidates who were studying in the same faculty. We analyzed whether 
the questions were compatible with the purpose of the research, and whether they were clear 
and answerable in line with the data obtained. In the pilot study, teacher candidates were 
asked about the basic features of celestial bodies.. The data obtained showed that more 
details, such as movement and shape regarding celestial bodies should be asked for, in 
addition to basic features. Moreover, three physics education experts’ views were taken into 
account regarding the test. In the light of the pilot data and readjustments, we prepared the 
final version of the achievement test. 

Data Analysis 

The understanding levels generated by Abraham, Williamson and Westbrook (1994) 
would be used in order to determine the conceptual understanding levels, in similar studies in 
the literature (for example, £ahk & Ayas, 2005; Saglam- Arslan & Devecioglu-Kaymakci, 
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2010). The following understanding levels were used for the analysis of the definitions of 
these concepts, and the responses given to the questions about whether these concepts move 
or not, were included in this study. 


Table 1. Understanding levels and explanations used in data analysis for the explanations 
related to concepts 


Understanding Levels 

Explanations 

[0] No response 

Not responding the question; repeating the question asked; irrelevant responses 
Responses such as ‘I don’t know’, ‘I don’t remember’ 

[1] No Understanding 

Unscientific responses 

[2] Partial Understanding 

Short answers; responses consisting of partial scientific knowledge; giving only 
examples 

[3] Restricted 

understanding 

Incomplete answers, responses containing the one or more aspects of scientific 
responses 

[4] Sound Understanding 

Scientific responses 


In Table 2, the following levels, generated by Kara, Erduran-Avci and Qekba§ (2008) and 
Uzunkavak (2009), were used for the analysis of the drawings related to basic astronomy 
concepts. 

Table 2. Understanding levels and explanations used in data analysis for the drawings of the 
shapes related to concepts 


Understanding Levels 

Explanations 

0 

No illustration 

1 

Wrong illustration 

2 

Correct illustration which includes wrong elements 

3 

Correct but incomplete illustration (not including error) 

4 

Completely correct and complete drawing 


To ensure the reliability of the results, classification of the teacher candidates’ responses 
according to the understanding levels were checked by another expert studied in this area. 

In terms of presentation of the findings and convenience for discussion, the frequencies of the 
responses of the participants at different understanding levels were taken into account 
separately, both among the participants studying in the same department and among the 
participants taking part in the study, and then their percentages were calculated. The participants 
taking part in the study were coded by taking into consideration the departments (ECTE for 
early childhood teacher education, PSTE for primary school teacher education, ESTE for 
elementary science teacher education, and PTE for physics teacher education) and examples 
from the expressions and drawings of the participants were presented. 

The Chi-Square Test be done with SPSS 16.0 program for each of the features of concepts and 
to determine whether there is significant differences in understanding levels according to their 
department or not. 

Findings 

The findings obtained from the achievement test were presented under four headings after “the 
concept-concept example” matching was performed. 
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Understanding levels related to the planet - the Earth 

Table 4 presents the distribution of responses given by the teacher candidates to the 
questions asked about the planet and the Earth, in terms of understanding levels. 


Table 4. Understanding levels of the responses of the teacher candidates related to the planet 

and the Earth. 




THE PLANET 




THE EARTH 






ECTE 

PSTE 

ESTE 

PTE 

TOTAL 

ECTE 

PSTE 

ESTE 

PTE 

TOTAL 

Theme 

Levels 

f(%> 

f(%) 

f(%) 

f(%) 

«%) 

f(%) 

f(%) 

f(%) 

f(%> 

«%) 


[0] 

26 (34) 

25 (36) 

12 (14) 

12(19) 

75 (25) 

12(16) 

18 (26) 

2(2) 

6(10) 

38 (13) 


[1] 

27 (36) 

38 (54) 

48 (55) 

38 (61) 

151 (52) 

24 (32) 

15 (21) 

19 (22) 

11(18) 

69 (24) 

G 

[2] 

22 (30) 

7(10) 

27 (31) 

10(16) 

66 (22) 

31 (42) 

20 (29) 

39 (45) 

24 (39) 

114 (39) 

O 

‘c 

[3] 

- 

- 

- 

2(3) 

2(1) 

7(10) 

17 (24) 

27 (31) 

21 (33) 

72 (24) 

Q 

[4] 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 


[0] 

17 (23) 

5(8) 

10(12) 

13 (21) 

45 (15) 

4(5) 

3(4) 

up 

4(6) 

12(4) 


[1] 

- 

1(1) 

2(2) 

5(8) 

8(3) 

- 

- 

2(2) 

2(3) 

4(1) 

G 

£ 

[2] 

2(3) 

1(1) 

- 

- 

3(1) 

21 (28) 

33 (47) 

34 (39) 

28 (45) 

116(40) 

cd 

& 

CZ i 

[3] 

- 

3(4) 

- 

4(6) 

7(2) 

47 (64) 

34 (49) 

45 (52) 

27 (44) 

153 (52) 

^G 

[4] 

55 (74) 

60 (86) 

75 (86) 

40 (65) 

230 (79) 

2(3) 

- 

5(6) 

1(2) 

8(3) 


[0] 

25 (34) 

17 (24) 

9(10) 

7(11) 

58 (20) 

2(3) 

Kb 

- 

- 

3(1) 


[1] 

5(7) 

8(11) 

4(5) 

3(5) 

20 (7) 

KD 

- 

- 

2(3) 

3(1) 

G 

[2] 

30 (41) 

29 (42) 

32 (37) 

28 (45) 

119(40) 

11(15) 

11(16) 

12 (14) 

12(19) 

46 (16) 

B 

<D 

> 

[3] 

11(15) 

9(13) 

24 (28) 

15 (25) 

59 (20) 

19 (26) 

12 (17) 

16(18) 

9(15) 

56 (19) 

O 

s 

[4] 

3(4) 

7(10) 

18 (21) 

9(15) 

37 (13) 

41 (55) 

46 (66) 

59 (68) 

39 (63) 

185 (63) 


When Table 4 was analysed, it was determined that the responses of the teacher candidates to 
the question about the definition of the planet were usually at the level of not being able to 
understand (Level 1, 52%) and to the question about the definition of the Earth was at the 
level of partial understanding (Level 2, 39%). The teacher candidates usually defined ‘the 
planet’ as an object belonging to a system and they gave the celestial bodies as the Earth, 
Moon, and Mercury, as examples. However, there were teacher candidates, such as PTE35, 
who made more scientific definitions such as “Planets are massive objects revolving around a 
star like the Earth. They exist in liquid or gas form”. The teacher candidates used the 
following expressions of “the place which we live in, residence, planet, system” for the Earth, 
which is an example of the ‘planet’ concept. The responses such as “the planet where we live” 
(ECTE17), “the planet which accommodates both living and non-living beings” (PTE55) or 
“one of the planets which exists in the solar system” (ESTE48) were assessed to be in the 
partial understanding category, where the majority of responses of the candidates were 
concentrated. Based on the responses, it can be stated that the teacher candidates thought the 
‘planet concept’ was different kinds of celestial bodies (such as a star or satellite) belonging 
to the Solar System and they made overgeneralizations for this concept. When the teacher 
candidates’ distribution according to their understanding levels were analysed, it showed 
variability in terms of the departments where they studied. While 31% of the teacher 
candidates were at Level 2 for the question related to the definition of a planet, 31% of the 
teacher candidates were at Level 3 for the definition of the Earth. While only 3% of the 
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physics teacher candidates could answer the question related to the definition of a ‘planet’ at 
so-called Level 3, 33% of them could answer the question related to the definition of the 
Earth at Level 3. While 30% of early childhood teacher candidates and 10% of primary school 
teacher candidates were at Level 3 for the question related to the definition of a planet, 10% 
of early childhood teacher candidates and 24% of the elementary teacher candidates were at 
Level 3 for their definition of the Earth. In this case, it can be stated that elementary science 
and physics teacher candidates gave more scientific responses than the candidates studying in 
the other departments. It can be stated that the case determined was related to the courses 
(particularly the astronomy course) instructed in the department. 

It was revealed that 79% of the teacher candidates did illustrations for the question related to 
the shape of the planet at the sound understanding level (Level 4) but 52% of them made 
illustrations for the question related to the shape of the Earth at the restricted understanding 
level (Level 3). The candidates drew the Earth only as a round shape or globe. However, 
although the candidates could not define the planet, the spherical illustrations they made for 
the shape of the planet held the qualification of correct illustrations. When the distribution of 
the illustrations in terms of understanding levels was analysed, 86% of elementary science 
and primary school teacher candidates were at sound understanding level (Level 4) for the 
‘planet’ concept, but it was revealed that 64% of early childhood teacher education teacher 
candidates made illustrations at a more scientific level for the Earth as a concept example. 
The responses of physics teacher candidates drew attention because their responses were at 
lower understanding levels, when compared to the teacher candidates studying in other 
departments. The examples belonging to the illustrations of the participants in terms of their 
understanding levels are presented in Table 5. 

Table 5. Examples from the illustrations of the candidates related to the planet and the Earth 

Levels 


[ 1 ] 


[ 2 ] 


[ 3 ] 


[ 4 ] 



In the question which asked whether the given celestial bodies moved or not and if they were 
moving, the teacher candidates were asked to explain this movement: 40% of the teacher 
candidates were at partial understanding level (Level 2) for the ‘planet’ concept and 63% of 
them were at sound understanding level (Level 4) for the Earth. While these teacher 
candidates stated that the planet was revolving in an orbit, some teacher candidates 
determined that the planets did not move, or that they thought that only the Earth out of all the 
planets moved. The statement of the participant coded as ECTE45 can be given as an example 
to support this view: “Only the Earth among the planets moves.” The teacher candidates 
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stated for this question that the Earth rotated by itself and that it also revolved around the Sun. 
The teacher candidates who answered the movement of the Earth question correctly differed 
in opinion on topics where they had unscientific knowledge about how the planet moved and 
if the planet was motionless or if it moved around a specific orbit and they had not acquired 
the knowledge that the planets rotated by themselves. When the distributions in terms of 
understanding levels were analysed, there was not a significant difference between the teacher 
candidates in terms of the departments they study in for this question and the teacher 
candidates gave responses at the partial understanding level for the ‘planet’ concept (41%, 
42%, 37%, and 45%, respectively) and sound understanding level for the Earth (55%, 66%, 
68%, 63%, respectively). The emphasis made on the movements of the celestial bodies, and 
particularly the movements of the Earth, Moon and Sun, which have been included in the 
astronomy topics of the teaching programs since the primary school level, might be counted 
as the reason for this case. 

When the distribution of the responses in terms of understanding levels were analysed, it 
could be stated that elementary science teacher candidates made explanations which included 
more scientific elements when compared to the teacher candidates in the other departments. 
For example, the explanations made by 21% of the elementary science teacher candidates 
about the movements of the planets were at scientific understanding level. Moreover, the 
concentration of the distribution of the responses related to the Earth, in terms of 
understanding level, and the distribution of the responses related to the ‘planet’ concept in 
terms of understanding level on different levels drew attention. The distribution with the 
question which required the definition of the Earth and ‘planet’ can be given as an example. 
While the definitions of the candidates about the Earth usually took place at “the partial 
understanding level”, their definitions about the ‘planet’ took place at the level of not 
understanding. We can reach the conclusion that, although the teacher candidates knew that 
the Earth is a planet, they answered the questions about our world by taking into consideration 
the events they experienced in their daily lives (with expressions such as “the Earth is formed 
from water, stone and soil” (PSTE42)), but they could not make a clear definition and 
explanation for the ‘planet’ concept. The findings related to the planet and Earth are presented 
in Table 7 for the question which asked the teacher candidates to express the relationship 
between the concept pairs given in the achievement test. 

Most of the teacher candidates (71%) defined ‘the star’ as a celestial body which radiates the 
light it gets from various sources (such as the Sun); these definitions are at the level of not 
understanding. The statements such as “It reflects the light it gets from the Sun. It is the 
source of light at night” (ECTE10) and “a meteorite which gets light from the Moon and 
reflects it on the Earth” (PSTE51) can be given as examples to responses at this level. 


Table 7. Understanding levels of the responses of the teacher candidates related to the star 

and Sun 




THE STAR 




THE SUN 






ECTE 

PSTE 

ESTE 

PTE 

TOTAL 

ECTE 

PSTE 

ESTE 

PTE 

TOTAL 

Them 

e 

Level 

f(%> 

f(%> 

f(%) 

f(%) 

f(%) 

f(%) 

f(%) 

f(%) 

f(%) 

f(%) 


[0] 

19 (26) 

23 (3) 

11(13) 

17 (27) 

70 (24) 

10 (14) 

14 (20) 

3(3) 

4(6) 

31(11) 


[1] 

55 (74) 

45 (64) 

69 (79) 

40 (65) 

209 (71) 

57 (77) 

48 (69) 

66 (76) 

38 (61) 

209 (71) 

c 

_o 

[2] 

- 

2(3) 

6(9) 

5(8) 

13(4) 

7(9) 

7(10) 

13 (15) 

15 (25) 

42 (14) 

c 

IS 

[3] 

- 

- 

KD 

- 

KD 

- 

KD 

5(6) 

5(8) 

11(4) 

& 

[4] 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 
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[0] 

8(11) 

2(3) 

10(11) 

13 (21) 

33 (11) 

4(5) 

2(3) 

- 

5(8) 

11(4) 


[1] 

60 (82) 

68 (97) 

73 (84) 

45 (73) 

246 (84) 

6(8) 

10(14) 

15(17) 

7(11) 

38(13) 

.o 

'cd 

[2] 

6(8) 

- 

4(5) 

4(6) 

14 (5) 

64 (87) 

58 (83) 

71 (82) 

50 (81) 

243 (82) 

u 

c n 

[3] 

- 

- 

- 

- 

- 

- 

- 

id) 

- 

id) 


[4] 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 


[0] 

24 (32) 

11(16) 

20 (23) 

19(31) 

74 (25) 

12(16) 

8(11) 

12 (14) 

10(16) 

42 (14) 


[1] 

27 (37) 

26 (37) 

25 (29) 

22 (35) 

100 (34) 

47 (64) 

49 (70) 

41 (47) 

25 (40) 

162 (56) 

C 

£ 

[2] 

21 (28) 

32 (46) 

35 (40) 

19 (31) 

107 (36) 

9(12) 

8(11) 

18 (21) 

10(16) 

45 (15) 

<D 

> 

O 

[3] 

2(3) 

KD 

6(7) 

2(3) 

11(4) 

6(8) 

5(8) 

16(18) 

17 (28) 

44 (15) 

S 

[4] 

- 

- 

1(1) 

- 

1(1) 

- 

- 

- 

- 

- 


When the candidates’ definitions related with the Sun were examined, it is seen that an 
important number of the definitions made by the teacher candidates, were such as: “the sun 
warms us”, or is “a system that gives and provides light” or “the source of energy” were at the 
level of not understanding (Level 1: 71%). The statement such as “It is the energy source of 
the system which is formed of planets, stars and such celestial bodies” (ESTE79) can be given 
as an example of the definitions given by the teacher candidates. The Sun was defined by 
some teacher candidates as a planet which can be supported with the following statement: “It 
is a planet which is in space, made up of fire and which we use its light and heat as the source 
of energy” (ECTE58). With the responses at restricted understanding level (Level 3, 4%), the 
statements such as the Sun “is a small star which is the light and heat source for all the planets 
and satellites in its system. It includes “He and H 2 in its composition” (ESTE30) or “The Sun 
is our medium-sized star. The Earth revolves around the Sun and the Sun revolves in its own 
orbit” (PTE35) can be given as examples of the correct responses related to the definition. 
When the distribution in terms of understanding levels was analysed, it was revealed that the 
responses, which included scientific elements about the definitions of the Sun and star 
belonged to elementary science and physics teacher candidates. While 1% of the teacher 
candidates were at restricted understanding level for the concept of ‘star’, 4% of them were at 
restricted understanding level for the Sun. 

When the distribution of the illustrations of the teacher candidates in terms of understanding 
level was analysed, the majority of teacher candidates drew shapes which were at not 
understanding level (Level 1, 84%) for ‘the star’ and partial understanding level (Level 2, 
82%) for the Sun. The teacher candidates depicted the shape of the Sun as spherical but they 
depicted ‘the star’ by drawing a pentagram as it is on our Turkish flag. Furthermore, 82% of 
early childhood teacher candidates, 97% of primary school teacher candidates, 84% of 
elementary science teacher candidates and 73% of physics teacher candidates made 
illustrations at the level of not understanding regarding the question about ‘the star’ and 87%, 
83%, 82% and 81% of the teacher candidates illustrated the Sun at the level of partial 
understanding, respectively. A few examples of illustrations by the teacher candidates are 
presented below, in terms of understanding levels (Table 8). 



Participatory Educational Research (PER) 


- 36 - 


Participatory Educational Research (PER), 2(2);28-46, 1 August, 2015 


Table 8. Examples of illustrations by the teacher candidates for the concepts of ‘the star’ and 
the Sun. 

Levels 
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While the responses related to the movement of the ‘star’ are stuck at the level of not 
understanding (Level 1, 34%) and partial understanding (Level 2, 36%), the responses related 
to the movement of the Sun are at the level of not understanding (Level 1, 56%). There were 
teacher candidates who thought that the stars are fixed, in other words, are motionless, besides 
the teacher candidates who thought that the stars move. However, they explained the 
movements of the stars with expressions which included misconceptions, such as: shooting 
star, falling star and the eclipse of the star. When the teacher candidates were asked to explain 
the movement of the Sun, it was determined that, while some teacher candidates thought that 
the Sun was motionless, the rest of the teacher candidates thought that the Sun was moving 
but they could only explain some movements of the Sun. The statements of the candidates, 
such as “it revolves around its own axis” (PSTE17), “it moves in the Milky Way galaxy” 
(ESTE74) or “it revolves around itself, it roams around the Milky Way” (PTE35) can be 
given as examples. Elementary science and physics teacher candidates made up the majority 
of the teacher candidates who could explain the movements of the Sun and ‘the star’. For 
example, 18% of elementary science teacher candidates and 28% of physics teacher 
candidates could explain the movement of the Sun at the level of restricted understanding 
(Level 3). This situation can be explained because the candidates studying in the other 
departments were not interested in astronomy topics, but also it can be attributed to the 
teacher candidates’ not having knowledge about space, except the solar system. When the 
distribution of the responses of the teacher candidates related to the departments they were 
studying in terms of understanding levels were analysed, elementary science and physics 
teacher candidates could answer the questions at higher understanding levels. Between the 
responses of the teacher candidates to the questions related to the concept of ‘star’, the 
difference which revealed itself in terms of the departments they were studying in occurred at 
the understanding levels related to the movement of the stars. 


The findings related to the concepts of the Sun and ‘star’ are presented in Table 9 for the 
question which asks for explanations of the relationship between the concept pairs given to 
the candidates in the achievement test. 
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Table 10. Understanding levels of responses of the teacher candidates related to the satellite 

and the Moon 
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When the distribution of the teacher candidates in terms of understanding levels were 
analysed, elementary science teacher candidates gave responses at higher levels when 
defining both ‘the satellite’ (Level 3, 31%) and the Moon (Level 4, 32%) but physics teacher 
candidates gave responses at higher levels when defining only the Moon (Level 4, 22%). It 
can be stated that early childhood teacher education and primary school teacher candidates 
had difficulty in defining the concept of the Moon (Level 0: 51% and 56%, respectively). It 
was found that the responses about the shape of the Moon were usually at the level of sound 
understanding (Level 4, 46%) and the responses about the shape of the Moon were usually at 
the level of partial understanding (Level 2, 37%) and sound understanding (Level 4, 40%). 
When the shape of the satellite was asked to be drawn, the teacher candidates drew either the 
Moon or the artificial satellites. The teacher candidates usually illustrated the Moon in the 
shape of a crescent. Very few teacher candidates drew the phases of the Moon for the shape of 
the Moon. The illustrations belonging to these examples are presented in Table 11. 

Table 11. Examples from the drawings of the teacher candidates related to the concepts of 
‘the satellite’ and the Moon. 

Levels 
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While the teacher candidates were explaining the movements of ‘the satellite’, they made 
explanations which were evaluated at different understanding levels. 50% of the early 
childhood teacher candidates usually were not able to answer, 38% of primary school and 
physics teacher candidates were at the level of partial understanding, and 35% of elementary 
science teacher candidates were at the level of sound understanding. It was found that the 
teacher candidates at the level of partial understanding (Level 2, 35%) thought that ‘the 
satellite’ moved in the orbits. Also, it was found that the teacher candidates at the level of 
restricted understanding (Level 3, 2%) thought that if the satellite enters the planet’s 
gravitational field, it revolves. When the understanding levels of the teacher candidates 
related to the movements of the Moon were analysed, early childhood and primary school 
teacher candidates were at the level of partial understanding (Level 2: 35%, 33%, 
respectively) and elementary science and physics teacher candidates were at the level of 
restricted understanding (Level 3: 48%, 45%, respectively). The teacher candidates stated that 
the Moon revolves both around the Earth and its own axis and added that the Moon revolves 
around the Sun indirectly. Some teacher candidates determined that the Moon was motionless 
but it looks as if it is moving due to the movements of the Earth. These teacher candidates 
tried to explain their views with statements such as “The Moon does not revolve. The Earth 
rotates but it stands still” (ECTE68). In this understanding level, while the number of the 
teacher candidates who pointed out that the Moon revolves around the Earth was more in 
number; the number of teacher candidates who stated that ‘the satellite’ revolves around the 
planet whose gravitational field it enters was few in number. Moreover, while some teacher 
candidates explained the movements of the Moon around its own axis, there were no teacher 
candidates who explained the similar movements of ‘the satellite’. When the distribution of 
the teacher candidates in terms of understanding levels was taken into consideration, it was 
found that elementary science teacher candidates were at higher levels. 

Elementary science teacher candidates gave responses to the questions which asked for the 
definition and movement of ‘the satellite’ at higher understanding levels than the teacher 
candidates studying in the other departments. When the understanding levels for the responses 
they gave to the other questions were evaluated, there was no difference between them with 
respect to their departments. When the understanding levels of the teacher candidates with 
respect to their departments were analysed, these teacher candidates were only at the same 
understanding level for the question related to the structure of the Moon. When the level of 
distribution for the other questions about the Moon was examined, it was revealed that the 
elementary science and physics teacher candidates were at higher understanding levels than 
the early childhood and primary school teacher candidates. 

Chi Square analysis between the departments 

The Chi-Square Test is done for each of the features of concepts and to determine 
whether there have been significant differences in understanding levels according to their 
department and the results are given in Table 12. 
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Table 12. Chi-square test results about the relationship between candidates' department and 
understanding l evels 



Analysis 
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Shape 
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Shape 
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.008 
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The Moon 


Definition 

37,409 

.000 

82,972 

.000 

Shape 

28,771 

.001 

42,549 

.000 

Movement 

27,415 

.001 

21.765 

.040 

Relation 

18,642 
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The results of Chi Square Test shows that there are differences in terms of departments for 
planet’s definition [% 2 (6)= 25,121, p<0.05], shape [% 2 ( 3 )= 11,360, p<0.05] and movement [% 2 
(i 2 )= 33,136, p<0.05]. For the Earth, there is difference between definition [x 2 ( 9 )= 34,550, 
p<0.05], but shape [% 2 (6>= 10,101, p>0.05] and movement [% 2 ( 9 )= 8,145, p>0.05], Any 
significant difference wasn’t found for the relationship between planet-the Earth in terms of 
departments [% 2 ( 9 >= 4,670, p>0.05]. 

It can be seen in Table 13 that in terms of departments the significant differences for star’s 
definition [x 2 (6)= 16,566, p<0.05] and shape [x 2 (6)= 17,503, p<0.05], but movement [x 2 (9)= 
14,877, p>0.05]. For the Sun, while definition [x 2 (9)= 27,338, p<0.05] and movement [x 2 ( 9 )= 
23,040, p<0.05] have significant differences, there is no significant difference for the shape [x 
2 (6)= 9,970, p>0.05]. The relationship between star-the Sun in terms of departments isn’t 
significant difference [x 2 (9) = 6,749, p>0.05]. 

The Chi-Square Test results for each feature (definition, shape and structure) of satellite and 
moon were showed that there is a significant difference in terms of departments [satellite, x 
definition (9) — 37,409, p<0.05, X shape (9) — 28,771, p<0.05, X movement (9) = 27,415, p<0.05, the 
Moon, x 2 definition (i2)= 82,972, p<0.05, X 2 shape (9) 42,549, p<0.05, X movement (12) — 21.765, 
p<0.05]. The meaningful difference for relationship between satellite-the Moon is found [x 2 
(9) = 18,642, p<0.05]. 


Discussion and Conclusion 

The findings from this study reveal that the candidates have difficulty in answering 
questions related to basic astronomy concepts at a scientific understanding level. The results 
show similarities with the results of the studies carried out both with the teacher candidates 
and the teachers on this topic by different researchers (Barba & Rubba, 1992; Summers & 
Mant, 1995; Atwood & Atwood, 1996, 1997; Zeilik, Mattem, Schau, Hall, Teague & Bisard, 
1997; Zeilik, Mattern & Schau 1999; Trumper, 2001, 2006a, 2006b; Rutherford, 2004; 
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Hudgins, 2005; Frede, 2006; Kalkan & Kiroglu, 2007; Kiiciikozer, 2007; Emrahoglu & 
Ozturk, 2009; tyibil & Saglam-Arslan, 2010). 

The teacher candidates generally defined the Earth as the planet “where we live” and they 
could not make more scientific explanations. Similarly, in the study conducted by Barba and 
Rubba (1992), it was stated that the candidates lacked basic knowledge relating to the Earth. 
It was determined with the illustrations that the candidates thought that the Earth and ‘the 
planet’ only had a spherical shape but they did not emphasize the geoid shape of the Earth. In 
parallel with this finding, Sneider and Ohadi (1998), found the participants preferred the 
spherical shape among the choices presented to them for the shape of the Earth. 

The participants who defined ‘the star’ as a celestial body which radiates the light it gets from 
various sources also appear in the studies conducted by Unsal, Giines and Ergin (2001), 
Emrahoglu and Ozturk (2009) and iyibil and Saglam-Arslan (2010). Similarly in the studies 
of Agan (2004) and Bailey (2006), the teacher candidates defined the Sun as a star. However, 
as Emrahoglu and Ozturk (2009) and Iyibil and Saglam-Arslan (2010) pointed out in their 
studies; the participants explained that the Sun is a planet. Although there was no difference 
between the illustrations of the participants in terms of the departments, it can be stated that 
they had misconceptions which have been previously determined in the literature (iyibil & 
Saglam-Arslan, 2010) about the shape of the star. It can be stated that teacher candidates’ 
illustrations resulted from the experiences they had had in their daily life (for example, the 
spherical illustration of the sun) and the reflections of our culture (for example, the illustration 
of the star as a pentagram on the Turkish flag). 

Although the teacher candidates usually illustrated crescent, few teacher candidates drew the 
phases of the Moon instead of the shape of the Moon. The studies carried out in the literature 
were mostly interested in the phases of the Moon, they evaluated the developments in this 
field by applying the activities prepared to the participants, and an improvement was recorded 
in the levels of the participants. It was found that the individuals participating in these studies 
(Suzuki, 2003; Trundle et ah, 2002, 2006, 2007; Mullholland & Ginns, 2008) made more 
correct illustrations about the phases of the Moon and they could explain the reasons for the 
formation of the phases as a result of the activities. 

In the literature, numerous studies have been carried out with the concepts of the Sun, the 
Earth, the Moon and their relationships. In addition, in this study, the relationships between 
the concept (i.e., ‘planet’) and examples of the concept (i.e., the Earth) were asked about in 
the questionnaire. Nevertheless, the teacher candidates were not able to establish relationships 
between astronomy concepts at an adequate level and they could not match the concept and 
examples of a concept (Also see, Table 13). Although most of the teacher candidates defined 
the Earth as a planet, it was found that they had different explanations for the concepts of the 
Earth and ‘the planet’. Similarly, when the concepts of ‘the star’ and the Sun were taken into 
consideration, it was revealed that the candidates explained that the Sun was a star and they 
stated that the stars get their light from the Sun. Based on this point of view, it can be 
suggested that the teacher candidates did not acquire knowledge at a scientifically acceptable 
understanding level about basic astronomy concepts without taking into consideration the 
departments. In addition, we may consider the candidates’ reasoning ability. Exemplarily, the 
Earth is a concrete example of the abstract concept of ‘the planet’. Starting from this point, it 
would be expected that teacher candidates would make scientific explanations about the 
concept of a planet through the Earth. However, the teacher candidates barely explained the 
concept of ‘the planet’ and there was a difference between the understanding levels of the 
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concept of ‘the planet’ and the Earth. Moreover, because the current situation has not been 
interfered with, the results obtained within the context of the study can be considered as an 
indicator that teacher candidates, so far, have not been able to actualize permanent learning as 
they could not structure how the information which was to be acquired was related to these 
concepts throughout the instruction they have received. 

About the celestial motions in the daily life, Vosniadou and Brewer (1994) found that the 
children tried to explain day and night in terms of the sun going down behind the hills or 
being covered by clouds, or they gave explanations based on the notion that the sun revolves 
around the earth or the earth revolves around the sun or rotates around its axis. In addition, 
some studies found that children may explain the initial learning that the Sun - the Moon 
move up and down but not move across the sky (not moving through the horizontal direction) 
(Plummer, 2009, 2014; Plummer, Wasko, & Slagle, 2011). Literature on children’s ideas 
about the celestial motion indicated that children may have unscientifically knowledge. In this 
study, although teacher candidates could explain the movements of the Earth, the Sun and the 
Moon, they tried to explain planet, star and satellite movements unscientifically. It is seen that 
teacher candidates couldn’t reason movements of the Earth, the Sun and the Moon through 
movements of planet, star and satellite. 

It was found that the responses of early childhood and primary school teacher candidates were 
concentrated at understanding levels which contained less scientific knowledge than 
elementary science and physics teacher candidates. However, this statement does not mean 
that elementary science and physics teacher candidates gave scientific responses at higher 
rates, but generally the meaningful differences were found between the department and 
understanding level (See, Table 13). When the levels where the teacher candidates mainly 
concentrated with respect to their departments, and the reality that astronomy as a topic is a 
field of elementary science (in the natural sciences) is taken into consideration, it makes sense 
that the teacher candidates studying in this department will be more knowledgeable of the 
topic. This situation can be explained because of the interest of elementary science and 
physics teacher candidates in astronomy topics and also it makes us think that teacher 
candidates can make more scientific explanations due to the advantages of their fields of 
study and their numerical and spatial abilities. 

The following suggestions can be made in the light of the findings obtained from the study. 
The teacher candidates’ lack of knowledge about astronomy concepts, which are included in 
the teaching departments, make us think that they will have difficulties during the instruction 
of these topics in their future professional life. It can be estimated that these difficulties will 
lead to misconceptions and learning difficulties with the students. Therefore, the teacher 
candidates must be enabled to realize their deficiencies in the field they majored in and 
various opportunities about astronomy activities like finding the Sun and a star using 
Stellarium program, visiting planetarium must be given to the teacher candidates to remove 
these deficiencies and help them to develop themselves. 

The teacher candidates’ understanding levels related to the concepts which emerged in the 
study, and they’re not being able to establish relationships at an adequate level between the 
concepts in the study, reveal that the teacher candidates either memorized the knowledge they 
acquired about the topic throughout their instruction or they learned superficially. Thus, the 
individuals must be enabled to learn basic concepts, such as astronomy concepts of the 
research, meaningfully and permanently throughout their educational life and learning must 
be a need because attaining the basic concepts plays an important role for the attainment of 
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other concepts and topics. Therefore, it is suggested that a rich content and learning 
environment should be provided for the candidates to comprehend astronomy topics and 
concepts. 
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